Abstract. The absorption of Cu21, Zn2', and Mn2' by leaf tissue of 4-month old sugarcane plants (Saceharum officinarum L., var. H53-263) has been investigated. After the "apparent free space" fraction was desorbed, the absorption of Cu2+, Mn2 , and Zn2+ yielded a curve typical of many ion uptake processes when measured as a function of the external concentration. However, only 1 absorption mechanism was evident for each cation. The pH optimum for Cu2+ and Zn2+ uptake was 5.0 to 6.0, whereas that for Mn2+ absorption was 4.5 to 6.0. Absorption was competitively inhibited by H4-, and this inhibition was reversible when 0.5 mM Ca2+ was present. Cu2+ and Zn2+ were absorbed through the same carrier sites, as concluded from their mutually competitive activities. Mn2+ was absorbed through a second, independent mechanism. Uptake of each cation was strongly inhibited by uncouplers of oxidative phosphorylation, by Amytal and Nembutal2, by 5 X 10-2 M succinate, and by ADP and P1. Absorption of Cu21, Zn2+, and Mn24 was concluded to be coupled to oxidative phosphorylation, and specifioally to energy-conservation Site I.
Although the literature abounds with reports related to various aspects of ion uptake by plant tissues, it has only been recently that attention has been directed toward the micro-nutrient elements (1, 3, 14, 18, 22) . The dearth of data on micro-nutrient absorption is no doubt duie at least in part to the fact that the physiological concentrations of these elements are qtuite low, as are their rates of absorption. Fur- ther, reversible adsorption is a major factor in the uptake of divalent cations and must be taken into consideration, However, as emphasized by Schmid et al. (22) , these problems can be overcome largely through the application of carefully designed experimental procedures and techniques.
It was reported by Broda (3) that the uptake of Zn2+ by barley roots and Chlorella was primarily a passive process and was insensitive to metabolic inhibitors. Page and Dainty (18) published similar findings for the absorption of Mn2' by oat roots. However, both of these reports have recently been refuted (14, 22) . The data in this paper likewise will be shown to support the contention that the uptake of Zn2+ anid Mn24 is under metabolic control, as is the absorption of Cu21.
This study was undertaken to characterize the absorption of Cu24, Zn2+, and Mn24 by sugarcane leaf tissue. Effort was directed also toward the elucidation of the specific site(s) processes to which the uptake of these cations is coupled.
Materials and Methods
Plant Material. Sugarcane seedlings (Saccharzn officiniarmiin L., var. H53-263) were cultured hydroponically in the greenhouse as described earlier (1).
The nutrient solutions were renewed at weeklv intervals for the first month and at 4-day intervals thereafter. When the plants were 4 months old, the blades of leaves 3 and 4 (the youngest fully-expanded leaves) were removed and immediately brouglht to the laboratory for use in the experiments. Nutrient Solutions. The composition of the base nutrient solution wvas in millimoles/liter: Ca(NO) 2-4H,0, 3.0; CaCl2, 4.5; KNO., 3 Lineweaver and Buirk (13) and Hofstee (8) To determine wvhether or not the temperatureinduced reduction in cation absorption was reversible, the following experiment was performed. The leaf sections were pre-treated for 30 min in an aerated 0.5 mM CaCl.. solution at 100. Absorption of each cation was then measured after re-adjustment of the temperature to 300. Controls were pre-treated and run at 10°and 30°. In the case of each cationCu21, Zn12, and Mn\12 2-absorption in the cold pretreated tissue after re-adjustment to 300 was within 10 % of the uptake rate in the 300 control. Therefore, it must be concluded that the reduction in cation absorption by low temperature durin,g the absorptionl period is essentially a reversible inhibition. Schmiiiid et al. (22) have reported a similar effect of low temperature (4.50) upon Zn2+ uptake by barley roots. and interpreted this finding as evidence for the metabolic control of Zn2+ absorption. However, the reversibility of the temperature effect was not investigated by these workers (22) .
Effect of Ca. In the experiments discussed thus far Ca2' has routinelv been added at a concentration of 0.5 mar. This is in accordance with the wellknown fact that Ca2+ is essential for the maintenance of selective ion transport systems in cellular membranes (19) . In the experiments to be discussed in this section the uptake of Cu21. Zn2', and M1\n12 was studied as a function of the external Ca2+ concen- lowed by a 30-min desorption period in 0.5 mM CaCl, at 80.
In the absence of Ca92 a large influx of each ion was observed as compared to the controls containing 0.5 mm Ca2+ (fig 4, for Mn21 concentration wa2 increased to 2 mM, Mn 2 still had no significant effect on Cu2' and Zn 2 uptake. It was therefore concluded that the uptake of Cu2' and Zn 2 is effected through the same absorption mechanism, i.e., the same carrier sites. Mn2 is absorbed througlh a second, independent mechanism. It is interesting to note that these data for sugarcane leaf tissue are the same as those found for root tissue of barley (22) .
Effect of Other Cationis. Several additional cations were studied with regard to possible competition for the Cu2+-Zn 2 and the Mn2 absorption site,. Potassiutm stimiulated the rate of Cu2' and Zn92 uptake. but this effect could not be reproduced conlsistently. Leggett and Gilbert (11) reported that an (22) .
